ABSTRACT: Bacillus and Lactobacillus are bacteria that usually contaminate the ethanolic fermentation by yeasts and may influence yeast viability. As microorganisms can be killed by ionizing radiation, the efficacy of gamma radiation in reducing the population of certain contaminating bacteria from sugarcane must was examined and, as a consequence, the beneficial effect of lethal doses of radiation on some parameters of yeast-based ethanolic fermentation was verified. Must from sugarcane juice was inoculated with bacteria of the genera Bacillus and Lactobacillus. The contaminated must was irradiated with 2.0, 4.0, 6.0, 8.0 and 10.0 kGy of gamma radiation. After ethanolic fermentation by the yeast (Saccharomyces cerevisiae) the total and volatile acidity produced during the process were evaluated; yeast viability and ethanol yield were also recorded. Treatments of gamma radiation reduced the population of the contaminating bacteria in the sugarcane must. The acidity produced during the fermentation decreased as the dose rate of radiation increased. Conversely, the yeast viability increased as the dose rate of radiation increased. Gamma irradiation was an efficient treatment to decontaminate the must and improved its parameters related to ethanolic fermentation, including ethanol yield, which increased 1.9%. Key words: bacteria, gamma radiation, yeast
INTRODUCTION
Brazil has developed a technology for the production of carburant ethanol to substitute gasoline as fuel. Carburant ethanol is an alternative fuel produced by the fermentation of sugarcane juice, a renewable raw material. It has been used in Brazil for more than 25 years with impressive results, specially concerning ecological aspects related the reduction of the emission of pollutants and economical aspects, related to savings on petroleum importation (Alcarde et al., 2001 ).
Bacteria of the genera Bacillus and Lactobacillus are the microorganisms that most contaminate ethanolic fermentation (Rosales, 1989; Gallo & Canhos, 1991) . These bacteria excrete organic acids and toxins that compete with yeasts during ethanolic fermentation. Consequently, the acidity of the must increases and the growth of the yeast is inhibited (Bevan & Bond, 1971; Amorim & Oliveira, 1982; Alves, 1994) . According to Oliva-Neto & Yokoya (1997) the high acidity of the must is the main factor causing death of yeast cells during ethanolic fermentation. As a consequence of the inhibi-tion of the fermentative yeast, ethanol yield may decrease (Amorim et al., 1981; Alterthum et al., 1984; Khan & Hoq, 1990) .
Antibiotics and concentrated sulphuric acid are the traditional products used by the ethanolic industries to reduce microbial cohntamination of must. Antibiotics are expensive and the use of such products is restricted by the factor cost-benefit. Currently, the ethanolic industry has considered acceptable bacterial loads of musts circa 10 5 CFU mL -1 (colony forming units per mL), and it has not been economically viable to go below this level.
Therefore, the use of ionizing radiation may be an alternative for the decontamination of sugarcane must. Ionizing radiation can change the cellular DNA, affecting the cellular functions and inducing the death of the cells (Urbain, 1986) . The objective of this study was to verify the influence of gamma radiation in reducing the population of certain contaminating bacteria present in sugarcane must and, as consequence, assess its reflex on acidity of the fermentation medium, viability of the yeast and ethanol yield.
MATERIAL AND METHODS
The following cultures of bacteria isolated from sugarcane fermentative processes for the production of ethanol, were tested: Bacillus subtilis, Bacillus coagulans, Lactobacillus plantarum and Lactobacillus fermentum. Bacteria of the genus Bacillus were reactivated separated in broth glucose-yeast extract-tryptone (PCA Difco 0479) and those of the genus Lactobacillus were reactivated separately in broth MRS (MRS Difco 0881-01-3). After incubation at 32 o C for 24 h, cultures were subcultured again into the respective broths and incubated at 32 o C for 48 h. In separate experiments, each bacterial culture was inoculated into sterile must. A parallel experiment with a mixed bacterial culture, prepared by mixing 2.0 mL of the suspension of each reactivated bacterium was also carried out. Another experiment was carried out using the sugarcane juice with its own microbial flora.
The must was prepared from sugarcane juice obtained from the milling of peeled and cleaned canes. The sugarcane juice was filtered through cotton, boiled for 20 min and filtered through filter paper to remove gross impurities, diluted to 5% of total reducing sugars (TRS), and sterilized at 121 o C, 1 atm, for 20 min. This low percentage of TRS in the must, approximately a third of that used in the industry, was adopted because bacterial growth is stimulated when yeast growth is limited by nutritional deficiency of the broth. According to Oliva-Neto & Yokoya (1997) 13 Bq. The programmed dose of radiation was controlled by removing the sample from the radiation source at the appropriate time and the real dose of radiation absorbed by the samples was measured by Amber 3042 poly-methylmethacrylate dosimeters.
Bacterial count was accomplished by serial dilutions and then pour-plated on triplicate on plates with solid PCA (Difco) for bacilli and solid MRSA (Difco) for lactobacilli. Solid MRSA for the bacterial count of the mixed culture and the natural microbial flora of the sugarcane juice was also used. Plates were incubated at 32 o C for 48 h. Results were expressed as CFU mL -1 (Oliveira et al., 1996 ).
An aliquot of 5.0 mL of the yeast inoculum was added to 80.0 mL of irradiated must and the fermentation was carried out for 12 h in a shaker (100 rev min -1 ) at 32 o C. The concentration of yeast cells was 22 g L -1 of wet weight, corresponding to 6.7 g L -1 of dry weight. Determination of cellular viability of yeast was carried out on the fermented musts (wines). The cells were observed under light field microscope using eritrosine to differentiate living and dead cells (Oliveira et al., 1996) . The determination of the total acidity of the wines was based on procedures described by Zago et al. (1996) . Their volatile acidity was determined according to Joslyn (1970) . The ethanol yield was calculated based on the concentration of ethanol of the wines, determined according to Joslyn (1970) .
The experimental design consisted of three randomized blocks, with one replicate in each block. Statistical studies (Hartley test, F test and polynomial regression analysis) were performed with the aid of the statistical software SAS (1990) (α = 0.05).
RESULTS AND DISCUSSION
The variability of the real dose of radiation absorbed by the samples was less than 3% of the programmed dose (data not shown). The dosimeters also detected the homogeneity of the dose and validated the irradiation process.
The bacterial count of the must decreased as the dose of radiation increased ( Figure 1 ). As the lactobacilli were completely inactivated at the lowest radiation doses, it was decided to carry out another experiment modify-ing the range and the scale of the doses of radiation applied to the musts contaminated with these bacteria. These new curves of inactivation ( Figure 2 ) were useful for a more accurate determination of the D 10 values (dose of radiation to decrease a logarithmical cycle in the microorganism population) for these bacteria.
Several authors have also observed reduction of the bacterial population by ionizing radiation. Ostapenkov & Matison (1975) , in the sterilization of molasses with high frequency waves; Giorgi & Gontier (1979) , in the preservation of syrup (65% of soluble solids) with ultraviolet radiation; Iizuka et al. (1968) , in the reduction of two logarithmical cycles of the microbial contamination of molasses irradiated with 0.6 kGy of gamma radiation; Acosta & Lodos (1982) , who determined the D 10 values of 0.30 and 0.45 kGy for Leuconostoc mesenteroides in sugarcane and in sugarcane juice, respectively; Zeller et al. (1984) , in sterilization and conservation of sugarcane syrup with doses of gamma radiation above 10 kGy; and Postmes et al. (1995) (Urbain, 1986) . Byun et al. (1989) , studying the gamma radiation in reducing the lactic acid bacteria associated with Kimchi fermentation, obtained a mean D 10 value of 0.60 kGy for some lactobacilli.
The concentration of total reducing sugars of the must was stable for radiation doses up to 10.0 kGy (data not shown). This is a very important point because any method of decontamination should not degrade the sugars of the sugarcane must in order to not decrease the ethanol yield. Beyers (1980) did not find a drop in the concentration of total sugars of several kind of foods treated with doses of gamma radiation up to 30 kGy. Zeller et al. (1984) , and Watanabe & Sato (1980) also observed stability in the concentration of the total sugars of sugarcane syrups and molasses submitted to doses of gamma radiation of 30 and 40 kGy, respectively.
The irradiated musts did not appear to cause damage to the fermentation process. The same was observed by Vajda & Gal (1970) in musts prepared from granulated sugar irradiated with doses up to 20 kGy; by Zeller et al. (1984) , in musts prepared from sugarcane syrups irradiated with the dose of 10 kGy; by Samuta et al. (1997) , in musts prepared from irradiated rice; and by Iizuka et al. (1968) , in musts prepared from molasses irradiated with the dose of 0.6 kGy.
In general, the total acidity ( Figure 3 ) and the volatile acidity (Figure 4 ) produced during the fermentation decreased as the dose of radiation increased. The total and volatile acidity produced during the fermentation of the musts contaminated with bacilli was higher than those produced during the fermentation of the musts contaminated with lactobacilli. The fermentations contaminated with Lactobacillus fermentum produced the lowest total acidity (Figure 3) . The fermentation of the must contaminated with Lactobacillus plantarum produced the lowest volatile acidity ( Figure  4) .
The viability of the yeast represents the rate of living cells. The viability of the yeast in must previously irradiated revealed a slightly increase as the dose of radiation increased up to 6.0 kGy (Figure 5 ), stabilizing at dose levels above this value. The presence of Bacillus subtilis did not affect the viability of the yeast.
The natural microbial flora of the must had the highest influence in decreasing yeast viability. This must have resulted from the fact that sugarcane juice presents great diversity of contaminating microorganisms and some of them might have originated a more severe inhibitory effect in the yeast. The ethanol yield increased as the radiation dose increased (Figure 6 ). Iizuka et al. (1968) observed increase in the ethanol yield for fermentations of musts prepared from molasses irradiated with doses up to 0.6 kGy. The ethanol yield may decrease when bacterial contamination reaches levels above 10 7 CFU mL -1 (Amorim et al., 1981) .
In the present research, in general, the fermentation of the non-irradiated must presented a decrease of approximately 1.9% in its ethanol yield as compared to the fermentation of the must irradiated with the dose of 10.0 kGy (Figure 6 ). This drop in the ethanol yield caused by the bacterial contamination was lower than values found by some authors. The bacterial contamination may cause losses of up to 55% of the theoretical value in the process of ethanol production (Amorim et al., 1981) . Althertum et al. (1984) verified a decrease of 14 to 90% in ethanol yield for fermentations contaminated with 10 8 to 10 9 CFU mL -1 of bacteria. Khan & Hoq (1990) . The irradiation of the must originated indirect beneficial effect to the yeast. The treatment with gamma radiation reduced the bacterial load of the sugarcane must, decreasing the acidity of the medium and increasing the viability of the yeast culture afterwards added to perform fermentation. The growth of the yeast is inhibited by organic acids and toxins produced by bacterial activity (Amorim & Oliveira, 1982; Oliva-Neto & Yokoya, 1997) .
The relative cost-benefit of the irradiation of sugarcane must can be evaluated in light of the increase of the ethanol yield with the irradiation of the must -1.9%, as obtained herein; annual volume of ethanol produced by a large industry -200 million liters; price paid to the industry for a liter of ethanol -US$ 0.20 (CEPEA, 2002) ; cost of an installed and ready to operate irradiator in this industry -US$ 1.9 millions. These numbers indicate that within two and half years the investment in the irradiator would be paid by the profit coming from the increment of the ethanol production originated from the irradiation of the sugarcane must.
The irradiation of a typical must of the industry (approximately 15% total reducing sugars) could provide higher reductions of the population of the contaminants, because the bacteria would be in a more unfavourable medium (see M&M, Fermentative broth, 2 nd paragraph), and so they could be more sensitive to the inactivation by the radiation.
CONCLUSION
Gamma irradiation was efficient in reducing microbial contamination of sugarcane must and improved some biochemical and microbiological parameters of the yeast-based ethanolic fermentation, including an increase of 1.9 % in ethanol yield.
